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12.1  Introduction

A vast body of research shows that educational investments yield long- 
run benefi ts for students (e.g., Chetty et al. 2014; Deming and Walters 2017; 
Jackson, Johnson, and Persico 2016). Less is known, however, about the role 
of education in encouraging entrepreneurship and innovation.

In this chapter, we review the existing literature and attempt to under-
stand the linkages between education and innovation. We fi rst provide a 
brief review of relevant theoretical frameworks. We then explore the possible 
impacts of three diff erent types of educational interventions that might have 
an impact on downstream innovation. We also outline possible avenues for 
future research.

We draw three main conclusions. First, increasing investment in basic 
skills would help ensure that all potential future innovators are able to reach 
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the knowledge frontier and take advantage of their natural talents. Second, 
since research universities play such an important role in knowledge creation 
and innovation, democratizing access to them as well as increasing public 
investment in them would likely yield big benefi ts in terms of innovation. 
Third, while technology alone is not a panacea, there is much potential for 
technology to lower the cost of providing extremely eff ective personalized 
education. Software can be used to replace the essential role that a tutor 
plays in diagnosing specifi c defi cits and meeting learners where they are. 
Educational innovations, such as computer- assisted learning (CAL), can 
provide personalized support and feedback at a fraction of the price of a 
tutor, helping future innovators succeed in the early years of  school and 
widening the talent pipeline.

12.2  Education and Innovation: Theory

The importance of  human capital and education for innovation and 
growth is theoretically grounded in models of endogenous growth, such as 
Romer (1986, 1990, 1994). Two ingredients of this class of models are criti-
cal. First, human capital is factor- augmenting in the production of knowl-
edge (or ideas). Second, ideas are nonrival, implying that they can be used by 
others who have not developed them, creating positive externalities that fuel 
growth. The combination of these two ingredients suggests that investments 
in education, which “create” human capital, not only benefi t their original 
recipients but also encourage growth for the entire economy. A corollary is 
that, since private individuals do not internalize the social benefi ts of educa-
tion, private investments in education are likely to be too low from a social 
perspective, which calls for public investments in education.

12.3  Defining Human Capital

The concept of human capital is at the core of this class of models. But 
what exactly is “human capital”? Early research (e.g., Romer 1990) mea-
sured diff erences in human capital by years of education. Subsequent work 
has tried to better characterize the types of investments that produce valu-
able knowledge and contribute to innovation and growth. Focusing on the 
production of knowledge, Scotchmer (1991) argued that the production of 
innovation is cumulative and that new knowledge builds on existing knowl-
edge. Baumol (2005) emphasized the importance of scientifi c knowledge 
for innovation and growth. More recently, macroeconomic models, such as 
Lucas (2015), Lucas and Moll (2014), and Akcigit et al. (2018), have argued 
that social learning and interactions play a key role in encouraging growth, 
while Bell et al. (2019) stressed the importance of mentorship for producing 
innovators.
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How can education produce the type of knowledge that generates inno-
vation and growth? Altonji, Blom, and Meghir (2012) showed substantial 
diff erences in the labor market returns to diff erent college majors, which 
suggests that the content of education matters. In an attempt to create a 
mapping between higher education, research, and innovation, Biasi and 
Ma (2020) link the content of college and university courses with that of 
academic publications and patents and show large diff erences among and 
within schools in the extent to which course content is “keeping pace” with 
the knowledge frontier. Deming and Noray (2018) fi nd that the economic 
return to technology- intensive jobs and college majors declines with work 
experience, and they connect this decline to obsolescence of older- vintage 
skills learned in school. Taken together, this literature suggests that educa-
tional institutions foster innovation by teaching skills that keep workers near 
the technology frontier.

12.4  Growth Accounting

Empirical support for endogenous growth theory comes from exercises 
of growth accounting, which have shown that diff erences in human capital 
can explain diff erences in rates of growth. Mankiw, Romer, and Weill (1992), 
Benhabib and Spiegel (1994), Bils and Klenow (2000) as well as Manuelli 
and Seshadri (2014) use cross- country evidence to establish a link between 
human capital and growth. Hendricks and Schoellmann (2018) investigate 
wage gains and wage convergence for immigrants to the US and fi nd that 
diff erences in human capital levels in the sending country explain 60 percent 
of the observed diff erence in wage gains. Jones (2014) argues that standard 
growth accounting models estimate a lower bound for the importance of 
human capital for growth and demonstrates that an alternative method of 
aggregating human capital in models of endogenous growth can explain all 
observed cross- country income diff erences.

In an attempt to better capture human capital, Hanushek and Woessmann 
(2008) examine the relationship between growth and alternative measures 
of workers’ cognitive skills. They fi nd that countries that increase cognitive 
skills grow more quickly. Hanushek, Ruhose, and Woessmann (2017) further 
show that cross- state variation in the US in “knowledge capital” can explain 
20– 30 percent of state variations in per capita GDP. Relatedly, Schoellmann 
(2012) uses wage returns to schooling to measure diff erences in the quality 
of education across countries and fi nds that foreign workers from countries 
with better education experience larger wage gains on moving to the US.

Yet, despite the strong evidence that links human capital with economic 
growth, there is little direct evidence of a causal eff ect of human capital on 
innovation, with a few notable exceptions, such as Bianchi and Giorcelli 
(2019, discussed below).
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12.5  Investing in Basic Skills

Are inventors born or made? Providing an answer to this question requires 
understanding the production function for innovation. Scotchmer (1991) 
modeled innovation as a cumulative process, whereby existing knowledge 
acts as an input in the production of  new content. One of  the prerequi-
sites for producing high- quality innovative content is therefore the ability 
to reach the knowledge frontier. As technology progresses, however, this 
frontier shifts outward (Jones 2009), increasing the “burden of knowledge” 
on potential inventors.

What does it take to reach the knowledge frontier? Like innovation, edu-
cation is a cumulative process, and access to higher- level knowledge relies 
on access to basic education and skills in the very fi rst years of life. Einstein 
would hardly have been able to invent the theory of general relativity, had 
he not had access to primary and secondary education. Education alone 
probably cannot make someone a great innovator. However, a good educa-
tion is necessary to get potential innovators to the knowledge frontier in the 
fi rst place. A high- quality education builds cognitive and noncognitive skills, 
which increase the productivity of future innovators.

12.6  Schooling and Cognitive Abilities

Recent research has emphasized the importance of innate traits of suc-
cessful inventors and entrepreneurs. Aghion et al. (2017), for example, argue 
that inventors tend to have higher IQs, which has been interpreted as a signal 
of high ability and talent. Emphasis on these “innate” traits might suggest 
that luck is a key factor for becoming a successful inventor.

A closer look at the empirical evidence, however, reveals that education 
can play an equally important role in determining whether innate traits 
lead to innovation. Time spent in school, for example, has a causal positive 
eff ect on children’s cognitive abilities. Ritchie and Tucker- Drob (2018) use a 
regression- discontinuity design on school entry- age cutoff s to show that an 
additional year of schooling increases IQ by 1 to 5 points. Moreover, they 
fi nd that eff ects persist across the life span. Similarly, Cornelissen and Dust-
mann (2019) use diff erences in school- entry rules across regions in England 
to show that schooling improves literacy and numeracy skills of children 
aged 5 to 7, as well as noncognitive skills for children aged 11.

The benefi ts of  additional schooling, however, are not confi ned to the 
early years. Cascio and Lewis (2006) explore the eff ects of an additional year 
of high school on a person’s score on the Armed Forces Qualifying Test, and 
they fi nd large eff ects, especially for racial minorities. These fi ndings suggest 
that late investments in schooling can help close racial and ethnic gaps in 
cognitive skills. Using data from Sweden and exploiting conditionally ran-
dom variation in test- taking dates, Carlsson et al. (2015) estimate that 10 
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additional days of high school raise intelligence scores by 1 percent of a stan-
dard deviation. Adding to this evidence, Card and Giuliano (2016a,b) show 
that underrepresented minorities benefi t from increased access to gifted and 
talented programs. Gaining access to these programs in fourth grade leads 
to a 0.7 standard deviation increase in math test scores for Black students, 
from 0.8 to 1.5 standard deviations.1

Given the relationship between cognitive skill and innovation, gifted and 
talented programs such as the one studied by Card and Giuliano (2016a,b) 
could directly create more innovators from underrepresented backgrounds. 
Comparing their estimates to the relationship between achievement scores 
and patenting found in Bell et al. (2019) suggests that universal gifted and 
talented screening might increase the share of inventors (defi ned as someone 
who has ever held a patent) from 0.1 to 0.7 per thousand for Black students.2

12.7  Schooling and Noncognitive Abilities

Cognitive abilities, however, are not the only innate trait associated with 
innovation and entrepreneurship. Levine and Rubinstein (2017) fi nd that 
entrepreneurs have specifi c personality traits, which make them “smart and 
illicit.” Compared with the unincorporated self- employed, the incorporated 
self- employed (as a proxy for entrepreneurs) tend to score higher on cogni-
tive tests, show greater self- esteem, and are more likely to have engaged in 
illicit activities as teenagers. Education can keep “smart and illicit” individu-
als, especially those coming from less advantaged backgrounds, from falling 
through the cracks.

Despite these advances, the predictive power of individual traits is fairly 
low, and there are enormous potential returns to democratizing access to 
education and to supporting everyone to reach the knowledge frontier.

12.8  Improving the Type and Quality of Education

Beyond simply expanding access to education, improving the type and 
quality of education might have large eff ects on innovation, entrepreneur-
ship, and growth. As mentioned earlier, expanding the scale of  targeted 
gifted and talented programs in K– 12 schools could greatly widen the 
pipeline of future innovators (Card and Giuliano 2016a,b). Additionally, 
certain types of education programs seem to be particularly benefi cial for 
innovation. Bianchi and Giorcelli (2019), for example, show that increased 
and “democratized” access to STEM (science, technology, engineering, and 
mathematics) education, through the opening of vocational and technical 
programs in 1960 Italy, led to increases in patenting. Similarly, Toivanen and 

1. See Card and Giuliano (2016a), table 3.
2. Bell et al. (2019), fi gure IV(B).
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Vaananen (2016) fi nd large, positive causal eff ects on patenting of expanding 
access to Engineering MSc programs in Finland.

Yet despite a possible “democratizing” role of higher education for inven-
tion, Bell et al. (2019) show that US inventors (measured through inclusion 
as patentees) come from a small set of top US schools, which admit very few 
low- income students. These fi ndings cast doubt on the idea that the current 
US education system is eff ective in providing access to the type of innovation 
that is needed for broad- based and “democratic” invention.

12.9  Universities as a Source of Entrepreneurship and Innovation

If  education is important for producing future innovators, what is the role 
of universities in this process? To answer this question, we fi rst review the 
existing evidence on linkages between universities, entrepreneurship, and 
innovation.

Today, universities such as Stanford and the Massachusetts Institute of 
Technology (MIT) in the US or the Technion in Israel, serve as catalysts 
for entrepreneurship and innovation. But can entrepreneurship be taught? 
Many university professors believe that yes, entrepreneurship is a skill that 
can be trained through exposure and experience. Israel’s Technion was one 
of the fi rst universities to off er a course in entrepreneurship, when Nobel 
Laureate Dan Shechtman, world renowned for his work in chemistry and 
material science, set up a course on technological entrepreneurship.3 Shecht-
man has been running this course successfully for more than 30 years, and 
the Technion now pushes to deepen its commitment to teaching entrepre-
neurship. Ezri Tarazi, a professor of industrial design who is in charge of 
Technion’s program, argues that entrepreneurship can in fact be taught and 
“talent can be developed.”

Focusing on MIT, a major technology- based university, Hsu, Roberts, 
and Eesley (2007) examine trends in entrepreneurship among MIT alumni 
since the 1930s to investigate who enters entrepreneurship and how this 
has changed over time. One of their most striking fi ndings is that rates of 
company formation by MIT alumni have increased dramatically since the 
1930s, suggesting that MIT may have become “better” at encouraging entre-
preneurship. Notably, they fi nd that rates of entrepreneurship are generally 
higher among MIT alumni who are foreign citizens (who might be positively 
selected) and that women alumnae lag behind their male colleagues in the 
rate at which they become entrepreneurs. Both these fi ndings suggest that 
expanding access to university education can encourage entrepreneurship 
and innovation, especially if  they are combined with programs targeting 
underrepresented minorities and female entrepreneurs.

3. “Technion Fosters Entrepreneurship within Ivory Towers as Startup Nation Calls.” Times 
of Israel, December 25, 2019. Available at https:// www .timesofi srael .com /technion -fosters 
-entrepreneurship -within -ivory -towers -as -startup -nation -calls/.
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The origins of MIT and other technology- based universities like Cornell 
and Iowa State can be traced back to the land- grant universities established 
by the Morrill Acts of 1862 and 1890. Funded initially by granting federally 
controlled land to colleges, the mission of these colleges was purposefully 
practical (in stark contrast to the liberal arts curriculum), focusing on agri-
culture, science, military science, and engineering.

Research on the land grant college system suggests that it played a par-
ticularly important role in encouraging local entrepreneurship and innova-
tion. Kantor and Whalley (2019) show that agricultural extension centers 
that were connected to the US land grant system created important pro-
ductivity spillovers to the local economy. A working paper by Maloney and 
Caicedo (2020) shows that the land grant universities, which trained engi-
neers, encouraged county- level economic growth. In addition, research by 
Andrews (2019) and Valero and Van Reenen (2019) has shown that the estab-
lishment of universities increased local invention. Andrews (2019) examines 
the eff ects of land grant colleges on agricultural patenting and productivity 
by exploiting cases in which the location (county) in a state that received a 
land grant college was chosen through an “as good as random” process and 
compares outcomes for these 29 universities with runner- up counties that 
were not chosen. Andrews fi nd that agricultural innovation (both in terms 
of patents and new crop varieties) increased in these counties relative to the 
control.

Rosenberg (1994) argued that reliance on local funding has created strong 
incentives to focus on applied research that has helped create local clusters 
of innovation. Land grant colleges in particular were good at securing social 
returns from publicly funded research, and perhaps even superior to the 
current US system focused on patenting, licensing, and technology transfer 
(Mowery et al. 2004).

The available evidence suggests that funding plays a major role in deter-
mining the rate and direction of technical change. Hvide and Jones (2018), 
for example, show that a change in funding rules in Norway created dramatic 
eff ects on both entrepreneurship and patenting. Until 2003, Norwegian pro-
fessors benefi ted from the “professor’s privilege,” granting full rights to new 
business ventures and intellectual property. In that year, however, Norway 
switched to a system of shared rights, similar to the system established by 
the Bay- Dole Act of 1980, which grants just one- third of these rights to the 
professor, with two- thirds going to the university (e.g., Lach and Schanker-
man 2008). Using comprehensive data on Norwegian workers, fi rms, and 
patents, Hvide and Jones document a 50 percent decline in entrepreneur-
ship and innovation in response to this change. In earlier research, using 
alumni presentations on Congressional appropriations committees as an 
instrument for research funding, Payne and Siow (2003) had shown that an 
increase of $1 million in federal research funding (in 1996 USD) results in 
10 additional articles and 0.2 additional patents.

Analyses of university patenting have shown that the relationship between 
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universities and innovations that surround them is in fl ux and may be weak-
ening over time (Henderson, Jaff e, and Trajtenberg 2006). Yet the available 
evidence may underestimate the real benefi ts of universities for entrepre-
neurship and innovation if  universities develop methods rather than creat-
ing specifi c startups and fi rms. Cohen, Nelson, and Walsh (2002) fi nd that 
actual products from academic research are less important than research 
techniques and tools. Wright (2012) further shows that the way of doing 
agricultural research that was developed in the land grant system encour-
aged agricultural innovation that formed the foundation of the Green Rev-
olution. More recently, examining drug development during 1988– 2005, 
Sampat and Lichtenberg (2011) fi nd that public sector labs account directly 
for about 10 percent of drugs, but may enable two- thirds of marketed drugs. 
Taken together, these fi ndings suggest that spillovers from universities to the 
private sectors are diffi  cult to quantify and easy to underestimate.

Another channel by which education can encourage innovation is by 
improving access to mentors and potential collaborators. Jones, Wuchty, 
and Uzzi (2008), Wuchty, Jones, and Uzzi (2007), Jones (2009), Deming 
(2017), and Jaravel, Petkova, and Bell (2018) all show that innovation often 
happens in teams. Universities and other types of educational institutions 
may provide the settings in which these teams are formed.

Spillovers in teams and among highly skilled individuals more generally 
appear to be particularly important in STEM. Azoulay, Graff  Zivin, and 
Wang (2010), for example, document that the death of a superstar in sci-
ence reduces the productivity of their collaborators. Bell et al. (2019) use 
tax data linked with patent records to show that mentors matter greatly for 
invention. Moser, Voena, and Waldinger (2014) show that the arrival of 
prominent German Jewish émigré chemists resulted in a substantial increase 
in patenting in the fi elds of the émigrés. Moser and San (2020) further show 
that restrictions on immigration in the 1920s, which reduced the number 
of eastern and southern European- born scientists who were active in the 
US, caused a persistent decline in invention by US- born inventors. Taken 
together, this literature suggests that educational institutions are an impor-
tant source of innovation.

12.10  Effects of Innovation on Education

Our discussion to this point has focused on the potential benefi ts that 
improvements in access and in the quality of education can have for inno-
vation, entrepreneurship, and ultimately, growth. Innovation, however, can 
also directly aff ect education, for example by reducing costs and improving 
quality and effi  ciency.

In recent years, the education sector has adopted new technologies at a 
much slower rate compared with other sectors (Chatterji 2018). In 2019, only 
2.5 percent of the federal Department of Education’s budget was earmarked 
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for research and innovation; this share has been declining from 8.2 percent in 
2016 to 3.8 percent in 2019 (fi gure 12.1). Since 1995, the education sector has 
been experiencing slow productivity growth (Cutler 2011). A possible reason 
for this slow growth is that the private benefi ts from technology adoption are 
smaller in education than in other sectors due to the structure of the market 
(Chatterji and Jones 2012). Alternatively, management challenges, which are 
typical of large organizations in the education sector, may have hindered the 
adoption of new technologies due to a bias in favor of the status quo and 
distorted incentives.

One strand of research has used experiments to evaluate the eff ect of the 
adoption of  new technologies in the classroom on student achievement. 
In the US, technology adoption has proceeded at a reasonable pace. The 
ratio of students to computers for 15- year- olds is close to 1 (Bulman and 
Fairlie 2016), and nearly all students have access to the Internet (Fairlie, 
Beltran, and Das 2010; Golsbee and Guryan 2006). Barrow, Markman, and 
Rouse (2009) argue that technology adoption in schools could be benefi cial, 
because it allows for better personalization of the learning experience.

Chatterji (2018) explains:

Fig. 12.1 Department of Education’s total budget and share earmarked for 
innovation
Note: The black line shows the total budget of the federal Department of Education. The gray 
line shows the share of the budget earmarked for Innovation and Improvement and for the ac-
tivities of  the Institute of Education Sciences. Budget data from https:// www2 .ed .gov /about 
/overview /budget /tables .html ?src = rt, accessed May 17, 2020.
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However, despite the ubiquity of technology in the classroom and vari-
ous proposed mechanisms of action, rigorous evaluations of the impact 
of  technology on student performance are rare and results are mixed 
(Bulman and Fairlie 2016). Goolsbee and Guryan (2006) fi nd that while 
E- Rate increased investments in education technology between 1996– 2000 
in California public schools, it produced no statistical impact on student 
performance. This fi nding is consistent with other studies from the United 
States and around the world, which fi nd little or no impact of technology 
on student outcomes (e.g., Angrist and Lavy 2002; Rouse and Krueger 
2004). However, some studies have found a positive impact of technology 
on student performance (Ragosta 1983; Banerjee et al. 2007; Machin et al. 
2007; Barrow, Markman and Rouse 2009; Cheung and Slavin 2013). As 
discussed in Barrow et al. (2009), these benefi ts must be weighed against 
the costs of program adoption and ongoing implementation.

There is little evidence that the mere existence of technology in the class-
room produces benefi ts. Teachers and students might not use technology 
even when it is available (e.g., Cuban, Kirkpatrick, and Peck 2001) or use 
it in suboptimal ways (Wenglinsky 1998). For example, recent high- profi le 
technology interventions, such as a $1 billion tablet initiative in the Los 
Angeles Unifi ed School District, have been roundly criticized by journalists 
and education policy experts due to implementation challenges. In the Los 
Angeles Unifi ed School District, for example, many students were unable to 
access the required curriculum due to serious technical issues.

However, one promising way that technology has been applied to enhance 
learning is through computer- assisted learning (CAL) software. CAL soft-
ware automatically adapts content and diffi  culty level based on diagnos-
tic assessment and students’ previous responses. This software essentially 
creates a personalized learning environment for each student that exactly 
meets his or her needs. Several recent studies have found large benefi ts of 
personalized learning through CAL. Muralidharan, Singh, and Ganim-
ian (2019) fi nd that middle- school students in India who randomly receive 
access to CAL software score 0.37 standard deviations higher in math and 
0.23 standard deviations higher in Hindi over only a 4.5 month period. 
Importantly, they fi nd larger gains for students with lower baseline achieve-
ment. CAL essentially replicates the successes of many other interventions 
that use personalized tutoring and mentoring to teach students “at the right 
level.” We know this approach works, but it is expensive. Thus, one way that 
innovation might increase productivity in education is by lowering the cost 
of personalization.

12.11  Conclusion

The research that we have reviewed in this chapter indicates that improve-
ments in access and in the quality of education have immense potential for 
encouraging entrepreneurship and innovation. Education provides the tools 
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that creative individuals need to succeed as inventors and entrepreneurs. 
Some of these tools can be measured quantitatively, through improvements 
in IQ scores, which have been linked to innovation. But many others are intan-
gible, including tools taught in entrepreneurship programs around the world.

These programs encourage innovation at two important margins. First, 
they help people who would have been innovators anyway to become more 
successful, either in terms of increased invention or by creating new busi-
nesses that are more profi table. Second, they allow creative individuals who 
would otherwise not have become inventors or entrepreneurs to reach their 
potential, widening the talent pipeline. Based on the research in this sur-
vey, we conclude that this second mechanism is particularly important for 
encouraging innovation through education.

Many big questions remain, however. For example, to better guide educa-
tion policy, we need better estimates of the marginal returns to investments 
in skills for diff erent types of people (such as men vs. women, majority stu-
dents vs. underrepresented minorities). Moreover, there is a great need for 
additional research on the stage of life at which investments in education are 
most eff ective in encouraging creativity and innovation (e.g., early childhood 
education vs. universities). Also, no real consensus has been reached on the 
type of education that is most successful in encouraging innovation (e.g., 
training in math and science vs. soft skills).

Diff erent approaches to these issues imply radically diff erent policies, 
ranging from focused investments in the “best and brightest” to concerted 
eff orts at expanding and maintaining a broad pipeline of innovation. Put-
ting aside considerations of inequality for the moment, the approach we 
take to “access” helps determine the level and the quality of innovation. 
These considerations heighten the urgency of the issue for education policy.

Technology will become a more important source of educational innova-
tion in the near future, for two reasons. First, advances in machine learning 
and artifi cial intelligence tools will lower the cost of personalized instruc-
tion, particularly in subjects like math, where learning gaps can be more eas-
ily identifi ed and addressed. As these techniques improve, they will become 
more widespread. Second, growing cost pressures in the education sector 
will make technological improvements more urgent and necessary. Educa-
tion is a “people” business, so as people become relatively more expensive, 
technology becomes a more appealing substitute for some aspects of  in- 
person instruction.
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Comment Eleanor Wiske Dillon

Many conditions must come together for someone to develop a successful 
innovation. She, or he, must understand the current base of knowledge in 
her area to build on it; she must have the spark of a new idea; and she must 
have the inclination and security to take a risk in developing her idea. Both 
the content and the structure of educational institutions can be designed to 
foster these conditions.

In chapter 12, Biasi, Deming, and Moser focus largely on the role of edu-
cation in providing for the fi rst condition: a base of knowledge from which to 
innovate. In particular, they emphasize that incomplete and unequal access 
to quality education leaves some potential entrepreneurs without the base of 
knowledge they need to develop new ideas. Providing this base of knowledge 
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